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Description
FIELD OF THE INVENTION

[0001] The present disclosure relates generally to sta-
bilizing fasteners post-deployment.

BACKGROUND

[0002] Minimally invasive surgical instruments are of-
ten preferred over traditional open surgical devices due
to the reduced post-operative recovery time and minimal
scarring associated with minimally invasive procedures.
Laparoscopic surgery is one type of minimally invasive
surgery (MIS) procedure in which one or more small in-
cisions are formed inthe abdomen and atrocarisinserted
through the incision to form a pathway that provides ac-
cess to the abdominal cavity. The trocar is used to intro-
duce various instruments and tools into the abdominal
cavity, as well as to provide insufflation to elevate the
abdominal wall above the organs. Endoscopic surgery
is another type of MIS procedure in which elongate flex-
ible shafts are introduced into the body through a natural
orifice.

[0003] Due to the benefits associated with minimally
invasive surgeries, significant efforts have gone into de-
veloping arange of endoscopic and laparoscopic surgical
instruments that are suitable for precise placement of a
distal end effector at a desired surgical site. These distal
end effectors engage the tissue in a number of ways to
achieve a diagnostic or therapeutic effect (e.g., grasper,
cutter, stapler, clip applier, access device, drug/gene
therapy delivery device, and energy device using ultra-
sound, radiofrequency, laser, etc.).

[0004] For example, staplers including end effectors
for grasping tissue have been developed which secure
tissue between two jaws. Staples contained in one of the
jaws can be driven into the grasped tissue and deformed
to hold the tissue by impinging on the other jaw. The
staples can form a predetermined pattern (e.g., one or
more lines of staples) based upon the configuration of
the staples in the one of the jaws. The stapler can be a
linear stapler, in which the predetermined pattern in-
cludes one or more longitudinal lines of staples. Though
staplers can be effective to grasp and staple tissue, it
can be difficult to grasp and/or staple the tissue based
on a variety of factors, such as a size and/or shape of
the staple, a thickness and/or toughness of the tissue,
etc.

[0005] Somestaplerscanberefilled afterfiring staples.
In some staplers, the staples can be contained in a car-
tridge which can be removable from the stapler’s jaw to
allow the stapler to be refilled with staples contained in
another cartridge inserted into the jaw. However, this re-
filing of cartridges can be difficult since the cartridges
can be relatively small and accordingly difficult to manip-
ulate and/or properly secure within the jaw. Refilling a
stapler with a new cartridge can thus be time consuming
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and/or can result in an improperly loaded cartridge that
can misfire staples or otherwise function improperly dur-
ing use on a patient.

[0006] Accordingly, there remains a need forimproved
methods and devices for stapling tissue.

SUMMARY

[0007] A surgical fastening device comprises an elon-
gate shaft having an end effector coupled to a distal end
thereof, wherein the end effector includes first and sec-
ond opposed jaws coupled to one another and configured
to engage tissue therebetween. The device also includes
a staple cartridge disposed within the first jaw. The staple
cartridge includes a plurality of D-shaped, plastically de-
formable staples, each staple being configured to rotate
in a first direction into tissue engaged between the first
and second jaws. Each staple has an anti-rotation mech-
anism configured to preventrotation in a second direction
opposite to the first direction when the staples are de-
ployed in tissue. Each D-shaped staple of the device in-
cludes a first leg that is substantially straight, and a sec-
ond leg that is curved.

[0008] The anti-rotation mechanism can take a variety
of forms. In one aspect the anti-rotation mechanism com-
prises a barb formed on the staple and oriented in a di-
rection to prevent counter-rotation of the staples. For ex-
ample, the anti-rotation mechanism on each staple can
comprise a barb is formed on an outer-facing surface of
the second leg, which may be oriented towards the first
leg. In another aspect the anti-rotation mechanism com-
prises a coupling element formed on each staple and
configured to receive a tip of an adjacent staple when
deployed such that counter-rotation of the staples is pre-
vented. In yet another aspect, the anti-rotation mecha-
nism on each staple comprises a hoop formed adjacent
to an intersection between the first and second legs and
configured to receive a tip of the firstleg when the staples
are deployed in tissue.

[0009] The plurality of staples can be attached to a
carrier. The staples can be frangibly attached to the car-
rier and they can be arranged in longitudinal rows on the
carrier.

[0010] Inanotherembodiment, asurgical fastening de-
vice for treating tissue can comprise a handle, an elon-
gate shaft extending distally from the handle, and an end
effector coupled to a distal end of the elongate shaft,
wherein the end effector has a jaw and an anvil pivotally
connected to the jaw such that the jaw and the anvil being
configured to engage tissue therebetween. The fastening
device also includes a plurality of fasteners disposed
within the jaw, wherein the fasteners are rotatable about
a pivot point. Further, the device includes a sled slidable
through the jaw such that distal advancement of the sled
causes each of the plurality of fasteners to rotate into
tissue engaged between the jaw and the anvil. Each fas-
tener includes an anti-rotation feature configured to pre-
vent counter-rotation of the fasteners when deployed in
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tissue.

[0011] Inone aspect, the anti-rotation feature compris-
es a barb formed on the fastener and oriented in a direc-
tion to prevent counter-rotation of the fasteners. Each
fastener can include a straight leg and a curved leg, and
the barb can be formed on an outer surface of the curved
leg so as to be oriented toward the straight leg. In another
aspect, the anti-rotation feature comprises a coupling el-
ementformed on each fastener and configured to receive
a tip of an adjacent fastener when deployed such that
counter-rotation of the fasteners is prevented. By way of
example, the coupling element can be in the form of a
hoop formed on the fastener.

[0012] The fasteners can be attached to a carrier in
such a way that they are frangibly attached thereto. Fur-
ther, the fasteners can be arranged in longitudinal rows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Thisinventionwillbe more fully understood from
the following detailed description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a perspective view of one embodiment of
a surgical device configured to apply fasteners to
tissue and including an end effector, the end effector
being in a closed position;

FIG. 2 is a perspective view of the end effector of
FIG. 1 in an open position;

FIG. 3 is a perspective view of the end effector of
FIG. 2 with one embodiment of a cartridge removably
coupled thereto;

FIG. 4 is a perspective, partially cross-sectional view
of the end effector and the cartridge of FIG. 3;

FIG. 5 is a perspective view of the cartridge of FIG. 3;

FIG. 6 is another perspective view of the cartridge
of FIG. 3;

FIG. 7 is a perspective view of a sled of the cartridge
of FIG. 3, the sled including a cutting element, and
the cutting element being in a first position;

FIG. 8 is a perspective view of the sled of FIG. 7 with
the cutting element in a second position that is dif-

ferent from the first position;

FIG. 9is a side view of one embodiment of a fastener
including an anti-rotation mechanism;

FIG. 10 is a side view of another embodiment of a
fastener including an anti-rotation mechanism;

FIG. 11 is a side, partially transparent view of the
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fastener of FIG. 10 deployed in tissue;

FIG. 12 is a side view of yet another embodiment of
a fastener including an anti-rotation mechanism;

FIG. 13 is a side, partially transparent view of the
fastener of FIG. 12 being deployed in tissue;

FIG. 14 is a side view of an embodiment of a fastener
including first and second anti-rotation mechanisms;

FIG. 15 is a side view of another embodiment of a
fastener including an anti-rotation mechanism;

FIG. 16 is a side, partially transparent view of the
fastener of FIG. 15 deployed in tissue;

FIG. 17 is a perspective view of another embodiment
of a fastener including an anti-rotation mechanism;

FIG. 18 is a perspective view of an embodiment of
a plurality of interconnected deployed fasteners;

FIG. 19 is a perspective view another embodiment
of afastenerincluding afirst anti-rotation mechanism
and a second anti-rotation mechanism, with the first
anti-rotation mechanism coupled to an adjacent fas-
tener;

FIG. 20 is a perspective view of an embodiment of
a cartridge and staples that can be deployed there-
from in opposite-facing longitudinal rows;

FIG. 21 is a side, partially transparent view of the
staples of FIG. 20 that face in one direction being
deployed from the cartridge with a drive beam en-
gaged with a first sled translating distally through the
cartridge;

FIG. 22 is a side, partially transparent view of the
first wedge sled of FIG. 21 at a distal end of the car-
tridge and passing over a second sled;

FIG. 23 is a side, partially transparent view of the
drive beam engaged with the second sled of FIG. 22
and disengaged from the first sled;

FIG. 24 is a side, partially transparent view of the
staples of FIG. 23 facing in an opposite direction be-
ing deployed from the cartridge with the drive beam
engaged with a second sled translating proximally
through the cartridge;

FIG. 25 is a perspective view of the drive beam and
the first sled of FIG. 24 coupled together and moving
distally, and a perspective view of second sled not
coupled to and positioned distal to the drive beam
and the first sled;
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FIG. 26 is a perspective view of the drive beam and
the first sled of FIG. 22 coupled together and the first
sled passing by the second sled;

FIG. 27 is a perspective view of the drive beam and
the second sled of FIG. 23 coupled together and a
perspective view of first sled not coupled to and po-
sitioned distal to the drive beam and the second sled;
and

FIG. 28 is a perspective view of the drive beam and
the second sled of FIG. 24 coupled together and
moving proximally, and a perspective view of first
sled not coupled to and positioned distal to the drive
beam and the second sled.

DETAILED DESCRIPTION

[0014] Certain exemplary embodiments will now be
described to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of
the devices and methods disclosed herein. One or more
examples of these embodiments are illustrated in the ac-
companying drawings. Those skilled in the art will under-
stand that the devices and methods specifically de-
scribed herein and illustrated in the accompanying draw-
ings are non-limiting exemplary embodiments and that
the scope of the present invention is defined solely by
the claims. The features illustrated or described in con-
nection with one exemplary embodiment may be com-
bined with the features of other embodiments. Such mod-
ifications and variations are intended to be included with-
in the scope of the present invention.

[0015] Further, in the present disclosure, like-named
components of the embodiments generally have similar
features, and thus within a particular embodiment each
feature of each like-named component is not necessarily
fully elaborated upon. Additionally, to the extent that lin-
ear or circular dimensions are used in the description of
the disclosed systems, devices, and methods, such di-
mensions are not intended to limit the types of shapes
that can be used in conjunction with such systems, de-
vices, and methods. A person skilled in the art will rec-
ognize that an equivalent to such linear and circular di-
mensions can easily be determined for any geometric
shape. Sizes and shapes of the systems and devices,
and the components thereof, can depend at least on the
anatomy of the subject in which the systems and devices
will be used, the size and shape of components with
which the systems and devices will be used, and the
methods and procedures in which the systems and de-
vices will be used.

[0016] It will be appreciated that the terms "proximal"
and "distal" are used herein with reference to a user, such
as a clinician, gripping a handle of an instrument. Other
spatial terms such as "front" and "back" similarly corre-
spond respectively to distal and proximal. It will be further
appreciated that for convenience and clarity, spatial
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terms such as "vertical" and "horizontal" are used herein
with respect to the drawings. However, surgical instru-
ments are used in many orientations and positions, and
these spatial terms are not intended to be limiting and
absolute.

[0017] FIG. 1 illustrates one embodiment of a surgical
device 1100 that is configured to apply staples to tissue.
The device 1100 in this illustrated embodiment includes
alinear stapler configured to apply linear rows of staples.
Other embodiments of surgical devices that are config-
ured to apply staples to tissue are described in U.S. Pat.
No. 5,465,895 entitled "Surgical Stapler Instrument" filed
February 3, 1994, U.S. Pat. No. 7,000,818 entitled "Sur-
gical Stapling Instrument Having Separate Distinct Clos-
ing And Firing Systems" filed May 20, 2003, U.S. Pat.
No. 7,669,746 entitled "Staple Cartridges For Forming
Staples Having Differing Formed Staple Heights" filed on
August 31, 2005, and U.S. Pat. Pub. No. 2014/0175146
entitled "Microcutter Stapling Apparatus Clamp And De-
ploy Mechanisms Systems And Methods" filed Decem-
ber 19, 2013, which are hereby incorporated by reference
in their entireties.

[0018] Referring again to FIG. 1, the device 1100 in-
cludes a proximal handle portion 1102 having an elon-
gate shaft 1104 extending distally therefrom. As also
shown in FIG. 2 and FIG. 3, the shaft 1104 has an end
effector 1106 coupled to a distal end thereof. The end
effector 1106 is coupled to the shaft 1104 at a pivot joint
1108. A proximal end of the end effector 1106 is pivotally
coupled to the joint 1108 at a distal end of the shaft 1104.
The end effector 1106 in this illustrated embodiment in-
cludes a tissue grasper having a pair of opposed firstand
second jaws 1110a, 1110b configured to move between
open and closed positions. The first jaw is also referred
to herein as a "bottom jaw" and a "cartridge jaw," and the
second jaw is also referred to herein as an "upper jaw"
and an "anvil." As discussed further below, the handle
portion 1102 is configured to be manipulated to effect the
opening and closing of the opposed jaws 1110a, 1110b,
e.g., movement of one or both the jaws 1110a, 1110b
about the pivot joint 1108, and the handle portion 1102
is configured to be manipulated to effect the firing of sta-
ples (not shown) from a one of the jaws 1110a, 1110b,
e.g., a bottom or cartridge one of the jaws 1110a. In this
embodiment, The staple firing is independent of the
opening and closing of the jaws 1110a, 1110b.

[0019] The handle portion 1102 can have a variety of
sizes, shapes, and configurations. As illustrated, The
handle portion 1102 includes a main housing 1121, which
houses a variety of elements therein and has some ele-
ments accessible outside thereof, such as a movable trig-
ger 1122 and a stationary handle 1124. The movable
trigger 1122 is configured to be manually manipulated to
move the movable trigger 1122 relative to the stationary
handle 1124 so as to, e.g., effect closing of the jaws
1110a, 1110b.

[0020] The shaft 1104 can have a variety of sizes,
shapes, and configurations. In an exemplary embodi-
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ment, the shaft 1104 is rigid, e.g., made from a generally
non-bendable material such as a metal (e.g., stainless
steel, titanium, etc.) or a hard polymer. In other embod-
iments, the shaft 1104 can be configured to bend, such
as being made from a generally flexible material, by in-
cluding one or more articulation regions, etc. The shaft
1104 can have any longitudinal length, although in an
exemplary embodimentitis long enough to allow the han-
dle portion 1102 to be manipulated outside a patient’s
body while the shaft 1104 extends through an opening
in the body with the end effector 1106 disposed within a
body cavity. In this way, the end effector 1106 can be
easily manipulated when the device 1100 is in use during
a surgical procedure. The shaft 1104 can have any suit-
able diameter. For example, the shaft’'s diameter can be
less than orequalto about 10 mm, e.g., less than or equal
to about 7 mm, less than or equal to about 5 mm, etc.,
which allows for insertion of the shaft 1104 through an
minimally invasive access device, e.g., a trocar, a can-
nula, a multiport access device, etc., such as during a
laparoscopic surgical procedure. The end effector 1106
coupled to the shaft’'s distal end can have a diameter
equal to or less than the shaft's diameter, at least when
the jaws 1110a, 1110b are in the closed position, which
facilitates insertion of the device’s distal portion into a
patient’s body.

[0021] The end effector 1106 can have a variety of siz-
es, shapes, and configurations. In an exemplary embod-
iment, the end effector 1106 is rigid. As shown in FIG. 2
and FIG. 3, the end effector 1106 including the first and
second jaws 1110a, 1110b is disposed at a distal end of
the surgical device 1100. in this illustrated embodiment,
when the jaws 1110a, 1110b move between the open
and closed positions, the second jaw 1110b is configured
to remain stationary relative to the shaft 1104, and the
first jaw 1110a is configured to move relative to the shaft
1104 and the second jaw 1110b by pivoting at the pivot
joint 1108.

[0022] The end effector 1106 is configured to releas-
ably and replaceably seat a cartridge 1112 therein, as
shown in FIG. 3 and FIG. 4. In this way, when the staples
have been fired from the cartridge 1112, the cartridge
1112 can be removed from the second jaw 1110b and,
optionally, replaced with another cartridge having anoth-
er plurality of staples disposed therein. FIG. 2 shows the
end effector 1106 without the cartridge 1112 seated
therein. The end effector 1106 is configured to receive
the cartridge 1112 in the first jaw 1110a thereof, e.g., in
a channel formed in the first jaw 1110a. The first jaw
1110a can be configured to seat cartridges of different
sizes, thereby facilitating versatility of the device 1100.
[0023] The cartridge 1112 can have a variety of sizes,
shapes, and configurations, as will be appreciated by a
person skilled in the art. As shown in FIG. 4, FIG. 5, and
FIG. 6, the cartridge 1112 includes a sled 1120 and has
a plurality of staples 1116 disposed therein. The sled
1120is alsoillustrated in FIG. 7 and FIG. 8. The cartridge
1112 includes a plurality openings 1114 formed in a tis-
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sue engaging surface 1118 thereof, as shown in FIG. 3,
FIG. 5, and FIG. 6. The staples 1116 disposed in the
cartridge 1112 may be configured to be ejected from the
cartridge 1112 through the openings 1114, e.g., one sta-
ple 1116 out of each opening 1114 (as in this illustrated
embodiment), two staples out of each opening 1114, etc.
The openings 1114 define staple-receiving recesses of
the cartridge 1112 in which the staples 1116 are seated
prior to being ejected from the cartridge 1112.

[0024] The staples 1116 can have a variety of sizes,
shapes, and configurations. In this illustrated embodi-
ment, the staples 1116 each have a D-shape andinclude
a first leg that is substantially straight and a second leg
that is curved. A person skilled in the art will appreciate
that the first leg may not be precisely straight, e.g., due
to manufacturing tolerances, but nevertheless be con-
sidered to be substantially straight. Each of the staples
1116 is configured to be plastically deformable such that
the staples 1116 can each be configured to change
shape, such as when the staple 1116 is pressed against
a tissue engaging surface (not shown) of the first jaw
1110a that faces the tissue engaging surface 1118 of the
second jaw 1110b, while remaining a single unit, e.g.,
without either of the first and second legs breaking. A
gap of space exists between a terminal end of the first
leg and a terminal end of the second leg. In other words,
the "D" shape has a gap therein. The gap of space facil-
itates plastic deformation of the staple 1116.

[0025] The staples 1116 are each frangibly attached
to a carrier 1126, also referred to herein as a "carrier
strip," disposed within the cartridge 1112. The staples
1116 can be frangibly attached to the carrier 1126 by,
e.g., being stamped together with the carrier 1126 such
that the staples 1116 and the carrier 1126 forms a single
piece. The staples 1116 can each be configured to detach
from the carrier 1126 when fired from the cartridge 1112.
In some embodiments, some or all of the staples 1116
can be frangibly attached to another element, such as
another element disposed within the cartridge 1112, an
inner surface of the cartridge 1112, the tissue-engaging
surface 1118 of the cartridge 1112, etc. The carrier 1126
can be fixedly attached to an upper surface of one or
more rails 1128 defined by the cartridge 1112. The carrier
1126 is configured to remain stationary relative to the
cartridge 1112.

[0026] As showninFIG. 3, FIG. 5, and FIG. 6, the car-
tridge 1112 has a longitudinal slot 1130 formed therein.
The longitudinal slot 1130 extends along a substantially
flat central portion 1118f of the tissue-engaging surface
1118. The slot 1130 is configured to have a cutting ele-
ment such as a knife (not shown) extend therethrough
so as to cut tissue engaged by the tissue-engaging sur-
face 1118, as discussed further below. The openings
1114 can be formed in angled portions 1118a of the tis-
sue-engaging surface 1118 on both sides of the slot
1130, as shown in FIG. 3, FIG. 5, and FIG. 6. In some
embodiments, the tissue-engaging surface 1118 is sub-
stantially flat, e.g., nothave angled portions, while in other
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embodiments, the tissue-engaging surface 1118 can be
angled, e.g., not have any substantially flat portions.
[0027] As shown in FIG. 5 and FIG. 6, the cartridge
1112 includes a gap-setting feature 1142 configured to
set of gap of space between the first and second jaws
1110a, 1110b when the jaws 1110a, 1110b are closed
andthe cartridge 1112is seated in the second jaw 1110b.
In this way, the gap-setting feature 1142 defines a min-
imum distance between the facing tissue-engaging sur-
faces of the first and second jaws 1110a, 1110b. The
gap-setting feature 1142 can have a variety of sizes,
shapes, and configurations, in this illustrated embodi-
ment, the gap-setting feature 1142 includes an indenta-
tion inward toward a lateral center of the cartridge 1112,
where a portion of a lateral edge of the cartridge 1112
immediately proximal to the gap-setting feature 1142 is
located laterally inward relative to a portion of a lateral
edge of the cartridge 1112 located immediately distal to
the gap-setting feature 1142.

[0028] The sled 1120 of the cartridge 1112 can have
a variety of sizes, shapes, and configurations. The sled
1120 is configured to translate longitudinally along the
cartridge 1112 to cause deployment of the staples 1116
therefrom and to cause tissue engaged by the end effec-
tor 1106 to be cut with the cutting element extending
through the slot 1130. The staples 1116 are arranged
longitudinally in the cartridge 1112, as shown in FIG. 4,
and the sled 1120 is configured to sequentially engage
the longitudinally arranged staples 1116 as the sled 1120
translates longitudinally. As illustrated in FIG. 7 and FIG.
8, the sled 1120 includes a plurality of wedges 1136 and
includes a cutting element 1134, which in this illustrated
embodimentincludes a knife with a blade 1132. The sled
1120in thisillustrated embodimentincludes four wedges
1136 but the sled 1120 can include any other number of
wedges 1136 as appropriate for the arrangement of the
staples 1116 in the cartridge 1112. Each of the wedges
1136 has a shape configured to cause the staples 1116
contacted by that wedge 1136 to move upward toward
the second jaw 1110b through the openings 1114 and
deform against the second jaw 1110b. As shown in FIG.
6, the cartridge 1112 includes a plurality of longitudinal
slots 1150 formed therein, each of the slots 1150 being
configured to slidably receive one of the wedges 1136
therein. The slots 1150 facilitate consistent, straight
movement of the wedges 1136 through the cartridge
1112 to help ensure proper engagement of the wedges
1136 with the staples 1116.

[0029] Each of the wedges 1136 is attached to a base
1138 of the sled 1120 and is in a fixed position relative
thereto. The base 1138 has a guide element 1139 ex-
tending generally downward therefrom. The guide ele-
ment 1139 is configured to slide within a channel formed
in the cartridge 1112 that includes the sled 1120. The
cutting element 1134 can also be attached to the base
1138, but the cutting element 1134 can instead be con-
figured to move relative to the base 1138. The cutting
element 1134 can be substantially laterally centered in
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the base 1138, which facilitates substantially central po-
sitioning of the cutting element 1134 relative to tissue
engaged by the end effector 1106.

[0030] The cutting element 1134 is movable relative to
the remainder of the sled 1120 between a first position,
shown in FIG. 7, and a second position, shown in FIG. 6
and FIG. 8. The first position is an initial position of the
cutting element 1134. In the first position, also referred
to herein as a "stowed position," the blade 1132 is gen-
erally obscured, e.g., oriented generally downward as
shown in the embodiment of FIG. 4, FIG. 5, FIG. 6, and
FIG. 7, which helps prevent the blade 1132 from inad-
vertent cutting, such as accidentally cutting a user of the
device 1100 during seating of the cartridge 1120 within
the end effector 1104 and/or premature cutting of tissue
engaged by the end effector 1104. The base 1138 has
a cavity 1144 formed therein, as shown in FIG. 6, which
is configured to seat the cutting element 1134 at least
partially therein when the cutting element 1134 is in the
first position. Inthe second position, also referred to here-
in as an "upright position," the blade 1132 is generally
unobscured and facing distally as shown in the embod-
iment of FIG. 6 and FIG. 8, which allows the blade 1132
to extend through the slot 1130 and cut tissue engaged
by the end effector 1106.

[0031] The sled 1120 includes a pivot member 1140
configured to facilitate movement of the cutting element
1134 relative to the remainder of the sled 1120. The pivot
member 1140 can have a variety of sizes, shapes, and
configurations. The pivot member 1140 is attached to the
cutting element 1134 such that engagement of the pivot
member 1140 causes the cutting element 1134 to pivot
abouta pivot pointso as to move relative to the remainder
of the sled. As in this illustrated embodiment the pivot
member 1140 includes two separate pins extending lat-
erally from opposite sides of the cutting element 1134.
In other embodiments, the pivot member 1140 can in-
clude a single pin extending through the cutting element
1134 to extend laterally from opposite sides therefrom,
asingle pin extending laterally from one side of the cutting
element 1134, etc. At the pivot point, the sled 1120 in-
cludes a pivot axle 1146 extending laterally from the cut-
ting element 1134, and includes an axle cavity 1148
formed in the base 1138 and configured to receive the
pivot axle 1146 therein.

[0032] The surgical devices described herein can be
used in a variety of surgical procedures. In an exemplary
embodiment, the procedure can be a minimally invasive
procedure in which the surgical device is advanced into
a body of a patient through a relatively small opening in
the patient. In a minimally invasive surgical procedure,
one or more introducer devices (not shown), e.g., a can-
nula, a trocar, etc., may be advanced through an opening
inthe patientto provide access to a surgical site. Aperson
skilled in the art will appreciate that one or more viewing
devices, e.g., a scoping device such as an endoscope,
can be advanced into the body through the incision or
through another opening, e.g., another incision or a nat-



11 EP 3 403 593 A2 12

ural orifice, to provide visualization of the surgical site
from outside the body. As will be appreciated by a person
skilled in the art, the surgical device can be advanced
into the patient’s body in a variety of ways, such as by
being inserted transorally therein, inserted through an
introducer device, inserted through a scoping device, in-
serted directly through an incision, etc. Although the fol-
lowing embodiment of use of a surgical device in a sur-
gical procedure is described with respect to the device
1100 of FIG. 1, any of the surgical devices described
herein can be similarly used.

[0033] The surgical devices described herein can have
any one or more variations to facilitate effective use of
the device. Examples of such variations are described
further below.

[0034] In some embodiments, a surgical device such
as the above-mentioned surgical device 1100 is config-
ured to stabilize fasteners post-deployment. In general,
the fasteners can be configured to resist counter rotation
after being deployed. Fasteners can have a tendency to
shift position relative to tissue that the fasteners are se-
curing. The position shifting can be caused by any one
or more factors, such as the type of the tissue, the thick-
ness of the tissue, the shape of the fasteners (e.g., a
curved shape), and the strength of any bias urging the
fastener into a certain position or configuration. The po-
sition shifting can take the form of counter rotation, in
which the fastener rotates in a direction opposite to the
direction in which the fastener was deployed into the tis-
sue. This counter rotation can reduce the fastener’s ef-
fectiveness in fastening the tissue because the fastener
is "slipping" out of the tissue and/or reducing its hold on
the tissue as a result of the counter rotation. The adverse
effects of counter rotations can be exacerbated when,
as in typical surgical procedures that use fasteners, a
plurality of fasteners, all of which may counter rotate to
varying degrees, are deployed in tissue. The adverse
effects of counter rotations can be exacerbated when
tissue is relatively thick such that staples may not close
to a sufficient extent when deployed in the tissue. Fas-
teners being configured to resist counter rotation helps
keep the staples secured in tissue into which the staples
have been deployed, thereby helping to keep the tissue
securely fastened and/or facilitating effective treatment
of the tissue.

[0035] A fastener can be configured to resist counter
rotation in a variety of ways. In the embodiments de-
scribed below, staples are used as examples of fasten-
ers, but as will be appreciated by a person skilled in the
art, other types of fasteners can be similarly configured
and used.

[0036] Insome embodiments, a staple includes one or
more anti-rotation mechanisms configured to resist coun-
ter rotation of the staple when the staple is deployed in
tissue. FIG. Qillustrates one embodiment of a staple 1000
thatincludes one or more anti-rotation mechanisms 1008
configured to resist counter rotation. The staple 1000 in
this illustrated embodiment is generally configured like
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the previously described staples 1116 and has a D-shape
with a pointed tip 1002, a firstleg 1004 that is substantially
straightand a second leg 1006 thatis curved. The pointed
tip 1002 can be a terminal end of the second leg 1006,
as in this illustrated embodiment.

[0037] The staple 1000 includes one or more anti-ro-
tation mechanisms 1008, which in this illustrated embod-
iment includes a barb 1008. This illustrated embodiment
includes only one barb 1008, but the staple 1000 can
include one or more barbs 1008 that are substantially
identical to one another. The barb 1008 can be located
in a variety of locations on the staple 1000. in this illus-
trated embodiment, the one or more barbs 1008 are
formed on an inner-facing surface of the second leg 1006
at the pointed tip 1002. The barbs 1008 are oriented in
afirst direction 1010 that is opposite to a second direction
1012 in which the pointed tip 1002 points. The second
direction 1012 is the direction in which the staple 1000
is deployed into tissue, with the pointed tip 1002 leading
the staple 1000 into the tissue. When the staple 1000 is
deployed in the tissue, the barb 1008 thus prevents coun-
ter rotation of the staple 1000 therein, thereby helping to
retain the staple securely within the tissue.

[0038] The barb 1008 can have a variety of sizes. In
an exemplary embodiment, the barb 1008 has a maxi-
mum diameter 1014 is less than or substantially equal to
a maximum diameter 1016 of the second leg 1006. In
this way, the hole created by the barb 1008 when the
barb 1008 penetrates into tissue can be smaller than or
substantially equal in size to the hole created by the sec-
ond leg 1006 when the second leg 1006 passes through
the tissue, thereby helping to reducing any potential he-
mostasis issues that may arise from the barb 1008. The
second leg 1006 can be tapered toward the pointed tip
1002 such that the maximum diameter 1016 of the sec-
ond leg 1006 is adjacent a terminal end thereof that is
opposite the pointed tip 1002.

[0039] FIG. 10 and FIG. 11 illustrate another embodi-
ment of a staple 1016 that includes one or more anti-
rotation mechanisms 1018 configured to resist counter
rotation. The staple 1016 and the one or more anti-rota-
tion mechanisms 1018, e.g., one or more barbs 1018,
can be generally configured and used similarly to the
staple 1000 and the one or more barbs 1008, respective-
ly, of FIG. 9. The one or more barbs 1018 in this illustrated
embodiment, however, are formed in an intermediate
portion of the staple’s second leg 1020 between proximal
and distal ends thereof, and the one or more barbs 1018
are formed on an outer-facing surface of a second leg
1020 of the staple 1016 that includes a pointed tip 1024
of the staple 1016 and that is connected to a firstleg 1022
of the staple 1016.

[0040] FIG. 11 illustrates an embodiment of the staple
1016 as deployed in a tissue 1026. The staple 1016 is
deployed into the tissue 1026, e.g., fired from a cartridge
such as the above-mentioned cartridge 1112, in a first
direction 1028. The one or more barbs 1018 are oriented
in a second direction 1030 that is opposite to the first
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direction 1028, thereby helping to secure the staple 1016
to the tissue 1026 and helping to prevent counter rotation
of the staple 1016 within the tissue 1026. The one or
more barbs 1018 are formed in the second leg’s inter-
mediate portion at a location substantially where the sta-
ple 1016 exits the tissue 1026, as in this illustrated em-
bodiment. An exterior surface of the tissue 1026 coop-
erates with the one or more barbs 1018 at such a location
to help prevent counter rotation of the staple 1018, e.g.,
help prevent the staple 1016 from rotating in the second
direction 1030 after being deployed in the tissue 1026.
[0041] In another embodiment, the one or more barbs
are formed on an inner-facing surface of the second leg
in addition to or in alternative to the one or more barbs
formed on the outer-facing surface of the second leg.
FIG. 12illustrates such an embodiment of a staple 1016a
with one or more barbs 1018a formed on an inner-facing
surface of a second leg 1020a of the staple 1016a. The
staple 1016a and the one or more anti-rotation mecha-
nisms 1018a can be generally configured and used sim-
ilarly to the staple 1000 and the one or more barbs 1008,
respectively, of FIG. 9. FIG. 13 illustrates an embodiment
of the staple 1016a being deployed in a tissue 1026a by
being pushed by a wedge 1027 of a sled so as to rotate
the staple 1016a in a direction of an arrow 1029. FIG. 14
illustrates another embodiment of a staple 1016b with
one or more barbs 1018b formed on an inner-facing sur-
face of a second leg 1020b of the staple 1016b. The
staple 1016b is like the staple 1016a of FIG. 12 except
the staple 1016b of FIG. 14 includes at least one second
anti-rotation mechanism 1017 on an outer-facing surface
of the second leg 1020b. The at least one second anti-
rotation mechanism 1017 in this illustrated embodiment
includes a plurality of spikes extending outward from the
outer-facing surface of the second leg 1020b.

[0042] FIG. 15 and FIG. 16 illustrate another embodi-
ment of a staple 1032 that includes one or more anti-
rotation mechanisms 1034 configured to resist counter
rotation. The staple 1032 and the one or more anti-rota-
tion mechanisms 1034, e.g., one or more barbs 1034,
can be generally configured and used similarly to the
staple 1000 and the one or more barbs 1008, respective-
ly, of FIG. 9. The one ormore barbs 1034 in this illustrated
embodiment, however, are formed on an outer-facing
surface of a second leg 1036 of the staple 1032 closer
to a first leg 1037 of the staple 1032 than in the FIG. 9
embodiment, and are formed adjacent a terminal end of
the second leg 1036 that is opposite to a terminal end
thereof that includes a pointed tip 1038. In another em-
bodiment, the one or more barbs can be formed on an
inner-facing surface of the second leg 1036 in addition
to or in alternative to the one or more barbs 1034 formed
on the outer-facing surface of the second leg 1036.
[0043] FIG. 16 illustrates an embodiment of the staple
1032 deployed in a tissue 1040. The one or more barbs
1034 of the staple 1032 can be oriented similar to the
one or more barbs 1026 of FIG. 10 and FIG. 12 so as to
be oriented in a direction that is opposite to the direction
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in which the staple 1032 was deployed into the tissue
1040. The one or more barbs 1034 are formed on the
second leg 1036 at a location disposed within the tissue
1040 when the staple 1032 is within the tissue 1040, as
in this illustrated embodiment. The tissue 1040 can thus
completely surround the one or more barbs 1034 so as
to help the one or more barbs 1034 prevent counter ro-
tation.

[0044] In some embodiments, an anti-rotation mecha-
nism of a first staple can be configured to engage a sec-
ond staple deployed adjacently thereto in tissue. The an-
ti-rotation mechanism can be configured to help prevent
counter rotation of the first and second staples. In an
exemplary embodiment, an anti-rotation mechanism of
a staple configured to engage an adjacent staple is in
the form of a coupling element configured to receive a
pointed tip of the adjacent staple when both of the staples
are deployed in tissue.

[0045] FIG. 17 illustrates one embodiment of a staple
1042 that includes an anti-rotation mechanism 1044 in
the form of a coupling element configured to engage an
adjacently deployed staple. The staple 1042 in this illus-
trated embodiment is generally configured and used like
the previously described staples 1116 and has a D-shape
with a pointed tip 1046, a firstleg 1048 that is substantially
straightand asecond leg 1050 thatis curved. The pointed
tip 1046 is a first terminal end of the second leg 1050, as
in this illustrated embodiment. The anti-rotation mecha-
nism 1044 is formed on an outer-facing surface of the
staple 1042 and located at a junction of the first and sec-
ond legs 1048, 1050. The anti-rotation mechanism 1044
includes a ring or hoop configured to receive a pointed
tip of an adjacent staple therein. The pointed tip extends
partially or all the way through a hole 1052 defined by
the anti-rotation mechanism 1044. The anti-rotation
mechanism 1044 having the adjacent staple’s tip at least
partially captured by the anti-rotation mechanism 1044
helps to prevent counter rotation of the staple 1042 as
well as the adjacent staple engaged by the staple 1042.
Because the staple 1042 can be rotated to be deployed
in tissue and can be one of a plurality of staples deployed
in a longitudinal row, as discussed herein, the staple’s
tip 1046 is able to rotate into a previously deployed sta-
ple’s anti-rotation mechanism. In this way, staples de-
ployed in the longitudinal row can all be interconnected
with one another via the anti-rotation mechanisms, there-
by helping to stabilize the entire row of staples in tissue.
[0046] FIG. 18 illustrates a plurality of staples 1042a,
1042b, 1042c, each similar to the staple 1042 of FIG. 17,
having been deployed such that a pointed tip of a staple
is captured as it rotates by an anti-rotation mechanism
of the one of the staples having been deployed immedi-
ately prior thereto. In other words, a pointed tip 1046b of
the staple 1042b deployed second has been captured
by an anti-rotation mechanism 1044a of the staple 1042a
deployedfirst, and a pointed tip 1046c¢ of the staple 1042¢c
deployed third has been captured by an anti-rotation
mechanism 1044b of the staple 1042b deployed second.
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As shown in this illustrated embodiment, the pointed tip
1046a of the first staple 1042a is not coupled to an anti-
rotation mechanism, and the anti-rotation mechanism of
the last one of the deployed staples 1042c is not coupled
to another staple. Only three staples 1042a, 1042b,
1042c are shown in this illustrated embodiment, but any
number of staples can be so interconnected using anti-
rotation mechanisms.

[0047] FIG. 19illustrates another embodiment of a sta-
ple 1054 that includes an anti-rotation mechanism 1056
in the form of a coupling element configured to engage
an adjacently deployed staple. The staple 1054 in this
illustrated embodiment is generally configured and used
like the staple 1042 of FIG. 17 except thatthe staple 1054
includes a second anti-rotation mechanism 1058. The
second anti-rotation mechanism 1058 in this illustrated
embodiment is a pointed tip 1060 of the staple 1056 hav-
ing a barb similar to the barb 1008 of FIG. 9. The second
anti-rotation mechanism 1058 in the form of a barb helps
hold the staple 1054 in tissue and helps prevent the point-
ed tip 1060 from de-coupling from an adjacent staple’s
anti-rotation mechanism, e.g., from moving out of a hole
of a ring or loop once advanced therein. FIG. 19 also
shows an adjacent staple 1054a (partially illustrated),
which is generally configured and used similarly to the
staple 1054, with its pointed tip 1060a and second anti-
rotation mechanism 1058a engaged by the anti-rotation
mechanism 1056 of the staple 1054.

[0048] In some embodiments, the orientation of a fas-
tener relative to the orientation of one or more fasteners
deployed adjacent thereto can be configured to help pre-
vent counter rotation. In an exemplary embodiment, fas-
teners in one longitudinal row all face in a first direction,
e.g., proximally, and fasteners in a longitudinal row ad-
jacent thereto all face in the opposite direction, e.g., dis-
tally. In this way, forces exerted on tissue in which the
fasteners facing opposite directions are deployed can
help hold the fasteners in the tissue.

[0049] FIG. 20 illustrates one embodiment in which a
cartridge 1062 has staples 1066 in adjacent longitudinal
rows facing in opposite directions. The staples 1066 are
shown deployed out of the cartridge 1062 for ease of
explanation. The cartridge 1062 in this illustrated embod-
iment has first, second, third, and fourth longitudinal rows
1064a, 1064b, 1064c, 1064d rows of staples 1066. The
staples 1066 in the first and fourth rows 1064a, 1064d
face in a first direction, e.g., a distal direction, when de-
ployed, and the staples 1066 in the second and third rows
1064b, 1064c face in a second, opposite direction, e.g.,
a proximal direction, when deployed. In this way, when
the staples 1062 are in tissue, the adjacent first and sec-
ond rows 1064a, 1064b of staples 1066 face in opposite
directions, and the adjacent third and fourth rows 1064c,
1064d of staples 1066 face in opposite directions. A cut-
ting element (not shown) extends through a longitudinal
slot 1072 in the cartridge 1062 and cuts tissue between
the second and third rows 1064b, 1064c as discussed
herein such that the second and third rows 1064b, 1064¢c
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having staples 1066 facing the same direction generally
will not affect counter rotation.

[0050] As discussed herein, the staples 1066 can be
deployed from the cartridge 1062 by rotating out of open-
ings 1068 formed in the cartridge’s tissue-engaging sur-
face 1070. Typically, all staples in a cartridge are de-
ployed as a sled moves longitudinally through the car-
tridge, e.g., as the sled translates distally. However, the
staples 1066 facing in opposite directions can be de-
ployed in two passes of a sled through the cartridge 1062,
one pass in which the sled translates distally to deploy
the staples 1066 facing in one direction and another pass
in which the sled translates proximally to deploy the sta-
ples facing the opposite direction.

[0051] FIG. 21, FIG. 22, FIG. 23, and FIG. 24 illustrate
one embodiment of deploying the staples 1066 that face
in opposite directions using afirst sled 1074, a drive beam
1076 (also referred to herein as a "drive rod" and an "I-
beam"), and a second sled 1078, which are also shown
in FIG. 25, FIG. 26, FIG. 27, and FIG. 28. Although this
illustrated embodiment shows deployment of the staples
1066 disposed in the cartridge 1062, other staples dis-
posed in other cartridges facing the opposite direction
can be similarly deployed. The relative positions of the
first sled, drive beam 1076, and second sled 1078 in FIG.
25,F1G.26,FIG.27,and FIG. 28 correspond respectively
to their positions in FIG. 21, FIG. 22, FIG. 23, and FIG.
24. The first sled 1074 can be generally configured and
used similarly to the previously described sled 1120. The
first sled 1074 includes a cutting element 1080, which
includes a knife in this illustrated embodiment. The cut-
ting element 1080 pivots between a stowed position in
which the cutting element’s blade 1082 is generally ob-
scured, as shown in FIG. 22, FIG. 23, FIG. 24, FIG. 26,
FIG. 27, and FIG. 28, and an upright position in which
the cutting element 1080 extends through the slot 1072
such that the blade 1082 can cut tissue, as shown in FIG.
21 and FIG. 25.

[0052] As shown in FIG. 21 and FIG. 25, the second
sled 1078 can be parked in an initial position near a distal
end of the cartridge 1062. The drive beam 1076 can be
advanced distally, e.g., by manipulating a handle of a
surgical device that includes the cartridge 1062 seated
in an end effector thereof, so as to cause the cutting el-
ement 1080 to move from the stowed position to the up-
right position and so as to push the first sled 1074 distally.
The drive bean 1076 includes a guide member 1076a
configured to slide within a corresponding guide track
(not shown) formed in the cartridge 1062, which helps
the drive beam 1076 translate straight and smoothly with-
in the cartridge 1062. The distal movement of the first
sled 1074 causes the second and third rows 1064b,
1064c of staples 1066 to be deployed.

[0053] After deploying the staples 1066 in the second
and third rows 1064b, 1064c, the distally advancing first
sled 1074 advances distally beyond the parked second
sled 1078, as shown in FIG. 22 and FIG. 26, and the
drive rod 1076 engages the parked second sled 1078,
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as shown in FIG. 23 and FIG. 27. The drive rod 1076 can
engage the second sled 1078 in a variety of ways. in this
illustrated embodiment, the drive rod 1076 includes a pro-
trusion 1076b extending therefrom configured to engage
a corresponding opening 1078b formed in the second
sled 1078. Thefirstsled 1076 being advanced toits distal-
most position relative to the cartridge 1062 causes a
spring 1084, shownin FIG. 27, to bereleased. The spring
1084 is coupled to the second sled 1078 and biased up-
ward such that release of the spring 1084 causes the
second sled 1078 to move upward, thereby allowing the
protrusion 1076b to engage the opening 1078 as shown
in FIG. 23 and FIG. 27. The drive rod 1076 can be ad-
vanced proximally, e.g., by manipulating the handle of
the surgical device, so as to cause the second sled 1078
engaged with the drive rod 1076 to move from the parked
position and be advanced proximally with the drive rod
1076 due to the engagement of the protrusion 1076b and
the opening 1078b. As shown in FIG. 25 and FIG. 28,
the proximal movement of the second sled 1078 causes
the first and fourth rows 1064a, 1064d of staples 1066
to be deployed. The first sled 1074 is parked near the
distal end of the cartridge 1062 during the drive beam’s
and second sled’s proximal movement, as also shown in
FIG. 24 and FIG. 28. In this illustrated embodiment, the
tissue is thus cut before all of the staples 1066 have been
deployed since the tissue is cut by the cutting element
1080 during firing of the staples 1066 in the second and
third rows 1064b, 1064c and prior to firing of any of the
staples in the first and fourth rows 1064a, 1064d.
[0054] Two-pass deployment of the staples 1066 in
which a first quantity of the staples 1066 are deployed in
one pass, e.g., a distal pass of the drive beam 1076, and
a second, remaining quantity of the staples 1066 are de-
ployed in a second pass, e.g., a proximal pass of the
drive beam 1076, reduces the force needed to fire the
staples 1066. A firstforce is required to deploy the staples
1066 in the first pass, and a second force is required to
deploy the staples 1066 in the second pass. In this way,
instead of requiring the sum of the first and second forces
to deploy all of the staples 1066, two smaller forces can
be applied to deploy all of the staples. These reduced
forces for firing can make firing of staples much easier
in devices having relatively small diameters, such as
those usedin minimally invasive surgical procedures. For
example, it can be difficult to generate a force required
to deploy staples from an end effector of a 5 mm device,
so effectively dividing the force required in half by having
two passes makes the device easier to use and/or more
effective in deploying staples properly.

[0055] In another embodiment of deploying staples
from a cartridge in which some of the staples are dis-
posed therein facing one direction and the remainder of
the staples are disposed therein facing another, opposite
direction, the sled is configured to advance distally
through the cartridge so as to cause deployment of all of
the staples. In other words, the sled’s distal movement
causes deployment of staples facing in opposed direc-
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tions. Such a sled may include sides that extend upward
and downward on left and right sides thereof so as to
allow movement of the sled in one direction to cause
deployment of staples facing in opposite directions.
[0056] A person skilled in the art will appreciate that
the presentinvention has applicationin conventional min-
imally-invasive and open surgical instrumentation as well
application in robotic-assisted surgery.

[0057] The devices disclosed herein can also be de-
signed to be disposed of after a single use, or they can
be designed to be used multiple times. In either case,
however, the device can be reconditioned for reuse after
at least one use. Reconditioning includes any combina-
tion of the steps of disassembly of the device, followed
by cleaning or replacement of particular pieces and sub-
sequent reassembly. In particular, the device can be dis-
assembled, and any number of the particular pieces or
parts of the device can be selectively replaced or re-
moved in any combination. Upon cleaning and/or re-
placement of particular parts, the device can be reas-
sembled for subsequent use either at a reconditioning
facility, or by a surgical team immediately prior to a sur-
gical procedure. Those skilled in the art will appreciate
thatreconditioning of a device can utilize a variety of tech-
niques for disassembly, cleaning/replacement, and re-
assembly. Use of such techniques, and the resulting re-
conditioned device, are all within the scope of the present
application.

[0058] One skilled in the art will appreciate further fea-
tures and advantages of the invention based on the
above-described embodiments. Accordingly, the inven-
tion is not to be limited by what has been particularly
shown and described, except as indicated by the append-
ed claims. All publications and references cited herein
are expressly incorporated herein by reference in their
entirety.

Claims

1. A surgical fastening device for treating tissue, com-
prising:

a handle;

an elongate shaft extending distally from the
handle;

an end effector coupled to a distal end of the
elongate shaft, the end effector having ajaw and
an anvil pivotally connected to the jaw, the jaw
and the anvil being configured to engage tissue
therebetween;

a plurality of fasteners disposed within the jaw,
the fasteners being rotatable about a pivot point;
and

a sled slidable through the jaw such that distal
advancement of the sled causes each of the plu-
rality of fasteners to rotate into tissue engaged
between the jaw and the anvil;



19 EP 3 403 593 A2

wherein each fastener include an anti-rotation
feature configured to prevent counter-rotation of
the fasteners when deployed in tissue.

The device of claim 1, wherein the anti-rotation fea-
ture comprises a barb formed on the fastener and
oriented in a direction to prevent counter-rotation of
the fasteners.

The device of claim 2, wherein each fastener in-
cludes a straight leg and a curved leg, and wherein
the barb is formed on an outer surface of the curved
leg and is oriented toward the straight leg.

The device ofclaim 1, 2 or 3, wherein the anti-rotation
feature comprises a coupling element formed on
each fastener and configured to receive a tip of an
adjacent fastener when deployed such that counter-
rotation of the fasteners is prevented.

The device of claim 4, wherein the coupling element
comprises a hoop formed on the fastener.

The device of any one of claims 1 - 5, wherein the
plurality of fasteners are frangibly attached to a car-
rier.

The device of any one of claims 1-6, wherein the
plurality of fasteners are arranged in longitudinal
rows.

The device of any one of claims 1 - 7, wherein the
plurality of fasteners are plastically deformable from
a first configuration to a second configuration.

The device of any one of claims 1 - 8, wherein each
of the plurality of fasteners is substantially D-shape.

10. A surgical fastening device, comprising:

an elongate shaft having an end effector coupled to
a distal end thereof, the end effector including

first and second opposed jaws coupled to one
another and configured to engage tissue there-
between, and

a staple cartridge disposed within the first jaw,
the staple cartridge including a plurality of D-
shaped, plastically deformable staples, each
staple being configured to rotate in a first direc-
tion into tissue engaged between the first and
second jaws, and each staple having an anti-
rotation mechanism configured to prevent rota-
tion in a second direction opposite to the first
direction when the staples are deployed in tis-
sue.

11. The device of claim 10, wherein the anti-rotation

mechanism comprises a barb formed on the staple
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13.

14.

15.

16.

17.

18.

20

and oriented in adirection to prevent counter-rotation
of the staples.

The device of claim 10 or 11, wherein the anti-rota-
tion mechanism comprises a coupling element
formed on each staple and configured to receive a
tip of an adjacent staple when deployed such that
counter-rotation of the staples is prevented.

The device of claim 10, 11 or 12, wherein each D-
shaped staple includes afirst leg that is substantially
straight, and a second leg that is curved.

The device of claim 13, wherein the anti-rotation
mechanism on each staple comprises a barb is
formed on an outer-facing surface of the second leg.

The device of claim 14, wherein the barb is oriented
toward the first leg.

The device of claim 13, 14 or 15, wherein the anti-
rotation mechanism on each staple comprises a
hoop formed adjacent to an intersection between the
first and second legs and configured to receive a tip
of the first leg when the staples are deployed in tis-
sue.

The device of any one of claims 10 - 16, wherein the
plurality of staples are frangibly attached to a carrier.

The device of any one of claims 10 - 17, wherein the
plurality of staples are arranged in longitudinal rows.
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